Time-resolved spectroscopy combined with velocity map imaging technique have been used to investigate the multiphoton dynamics of NO 2 molecule. Two different pump-probe excitation schemes were used to explore different potential energy surfaces (PESs) located in the first dissociation region and in the Rydberg region around 9.2 eV. Integrated and energy resolved signals of NO + 2 , NO + and photoelectrons were recorded as a function of time. When exciting with 403 nm photons, the NO + signal exhibits an intriguing oscillatory behaviour with a period of 512 fs. The NO + and photoelectron kinetic energy distributions produced by this pump wavelength were cold, while those produced when employing 269 nm photons as pump were very rich, evidencing the presence of multiple excitation channels. A couple of sharp long lived photoion-photoelectron peaks represents the most salient feature of latter. They were assigned to an excitation by two 269 nm photons to a Rydberg state dissociating into NO(A 2 Σ + )+O( 3 P ). This NO + peak as well as another one located at 0 eV display very complex time dependencies including the signatures of two dissociation dynamics on timescales of 400 and 600 fs. The different pathways responsible of this temporal behaviour are discussed in view of shedding light onto the underlying multichannel multiphoton dynamics.
Introduction
The interest for NO 2 molecule stems not only from its importance for the environmental and combustion chemistry, but also from the fact that it exhibits a rich and complex electronic structure despite the apparent simplicity of a triatomic molecule. Consequently, overtime it became a benchmark system for a variety of spectroscopic and dynamics studies concerning theoretical and experimental aspects of photodissociation, intramolecular vibrational redistribution, nonadiabatic couplings [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13] . The numerous nonadiabatic interactions are reflected in a complex photodissociation dynamics. Photodissociation initiated into the first absorption band occurs via excitation to a surface of mixed A 2 B 2 /X 2 A 1 electronic character followed by a rapid nonadiabatic transition [14, 15] through a conical intersection and a transfer of the population back to the ground state correlating with NO(X than 250 nm allows accessingD 2 B 2 state strongly predissociative even for low vibrational levels and correlating diabatically to the second dissociation channel, NO(X 
, and adiabatically to the first one, NO(X 2 Π)+O( 3 P ) [21, 22] . The Rydberg region was also investigated by multiphoton excitation and time domain studies showed that the lifetimes of some Rydberg states was in order of 500 fs [23, 24, 25] . In a two-colour pump-probe experiment, NO 2 was excited with 400 nm radiation and the nascent NO(A 2 Σ + ) fragment was probed at 800 nm by measuring the fluorescence depletion [23] . From the dependence of the fluorescence signal on the pump intensity appeared that the dynamics, leading to dissociation into NO(A 2 Σ + ) and O( 3 P), is initiated in the Rydberg region by three 400 nm photons. In addition, the time dependence of the depletion fluorescence signal was used to infer an upper limit of about 600 fs for the complete separation of the fragments after the bond breaking. Photoelectron-photoion coincidence technique was implemented by Davies et al. in a femtosecond time-resolved experiment in order to discriminate between dissociative multiphoton ionisation (DMI) and parent ionisation induced by absorption of 375 nm photons [24, 25] . The energy correlation spectra recorded for the photoelectrons and NO + indicate that the main mechanism is a rapid dissociation (about 500 fs) of the the parent, upon absorption of three photons, into NO(C Recently, an intriguing oscillatory behaviour of the integrated NO + signal time dependence was evidenced in an experiment involving 400 nm and 266 nm pulses as pump and probe, respectively [26] . In a follow up study, velocity map images showed that this fragment was bearing very little kinetic energy [27] . Furthermore, similar oscillations were also recorded on the signal associated to slow photoelectrons. Oscillation periods of 600 fs and 830 fs were obtained from the fits of the oscillating component of the ion and photoelectron signals. These oscillations have been tentatively interpreted as due to a coherent excitation of some orbiting states located near the threshold of the first dissociation limit (3.1 eV) and corresponding to a loosely bound O atom to the NO molecule, rotating about each other. Vredenborg et al. used photoelectron-photoion coincidence method to shed more light onto the multiphoton multichannel dynamics induced by this pump-probe scheme [28] . Unfortunately, due to the low count rates associated with the coincidence method, the signal levels were not high enough to address the oscillation issue, though the authors mentioned that oscillations were observed in the high count experiments. Instead, the energy correlation plots were used in order to assess the different pathways responsible for the kinetic energy distributions measured for NO + and photoelectrons. The various peaks were assigned to excitation schemes involving absorption of one or three 400 nm photons followed by one or two 266 nm photons. The correlation plots revealed that the slow photoelectrons were coincident with both NO + and NO + 2 and that slow NO + was also produced in coincidence with a photoelectron of 0.9 eV. The photoelectron spectra exhibit several long-lived structures whose lifetimes were related to the lifetimes of the first excited state or Rydberg states of the parent molecule or of excited states of the parent ion. The photoelectron-photoion couple bearing kinetic energies of 0.9 eV and 0.3 eV, respectively, were assigned to an excitation by three 400 nm photons (9.3 eV) to a Rydberg state dissociating into NO(A 2 Σ + ) and O( 3 P ) and subsequent ionisation of the molecular fragment by one photon of 266 nm. The study performed by Form et al. also reports a long lived photoelectron peak around 1 eV and a strong short lived NO + feature around 0.3 eV overlying a broad long lived structure, though they were ascribed to a different pathways [27] .
The experiments initiated by 400 nm photons reveal a very interesting multiphoton dynamics, including an intriguing oscillatory behaviour of the NO + and the photoelectron signals and fast and slow dynamics of some NO 2 Rydberg states located at 9.3 eV. In order to unravel the nature of this complex dynamics, we have employed two different pump-probe schemes to discriminate between the different competitive processes. Consequently, beside the 400 nm pump scheme and in order to preclude the excitation of the first dissociation region we have used 269 nm pump photons. We have measured both the integrated and the velocity-resolved NO + signal as a function of the delay between the pump and probe laser. The velocity map imaging technique was also used to image the photoelectron scattering distribution. The kinetic energy distributions for both NO + and photoelectrons indicate contributions of several channels involving multiphoton excitation of the parent. Oscillations were recorded only when using 400 nm photons as pump. A cold NO + kinetic energy distribution displaying basically only a zero kinetic energy component was recorded. Instead, when employing 269 nm as a pump the NO + and photoelectron kinetic energy distributions appeared to be very rich, evidencing the presence of multiple excitation channels. The most salient features in both kinetic energy distributions correspond to the excitation of a NO 2 Rydberg state around 9.2 eV correlating to NO(A 2 Σ + )+O( 3 P) dissociation channel, followed by the ionisation of the molecular fragment. The NO + kinetic energy distribution presents very complex time dependencies including the signatures of two dissociation dynamics on timescales inferior to 600 fs. Combining the information obtained from the temporal evolution of the kinetic energy distributions of the NO + fragment and photoelectrons, we were able to reconstruct the picture of the multiphoton dynamics initiated by the 269 nm pump photons.
Experimental
The experimental setup we have used to perform time-resolved pump-probe experiments consists in a standard molecular beam machine coupled to a velocity map imaging detector [29] .
The pump and probe femtosecond pulses are generated by a 1 kHz Ti:Sapphire regenerative amplified system (Amplitude Systems) delivering pulses around 806 nm and with a Fourier limited full width at half maximum (FWHM) of about 60 fs. For the experiments presented herein we have employed two different pump-probe schemes. In the first one, a pump pulse around 400 nm was obtained by frequency doubling part of the fundamental laser output, while the remaining of it was frequency tripled to produce radiation around 269 nm. In the second pump-probe scheme, the fundamental's third harmonic was used as pump beam and the fundamental was directly used as probe beam. The pump and probe pulse energies could be varied continuously, but were typically set around 15 µJ and 10 µJ, respectively, for the first scheme, and around 5 µJ and 50 or 150 µJ, respectively, for the second one. Subsequently, the pump and probe beams were recombined at a small angle onto the molecular beam after being focussed by using either spherical mirrors or thin lenses of 50-75 cm focal lengths. The maximum intensities were typically set below 10 A continuous molecular beam was produced by expanding a mixture of about 8 % NO 2 and Ar through a 200 µm diameter nozzle. Two 1 mm diameter skimmers were used to collimate the molecular beam in the interaction region to a diameter of 3 mm. It is well known that NO 2 co-exists in thermodynamical equilibrium with N 2 O 4 and that traces of NO are always present even in the highest purity NO 2 samples. If at 400 nm the N 2 O 4 absorption is about two orders of magnitude lower than that of NO 2 molecules, at 269 nm that is the opposite. In order to reduce eventual contributions from the other two molecules to the detected signal, we have used a low total pressure (about 120 mTorr). In these conditions, NO and N 2 O 4 are present only in trace amounts and do not contribute to the processes studied here: the NO + 2 images exhibit no component corresponding to fragments bearing kinetic energy that could be formed in the dissociation of the N 2 O 4 , but only a spot in the center.
For the detection of the charged particles we had employed a velocity map configuration for the electrostatic lenses and an imaging detector consisting of a dual multichannel plate (MCP) coupled to a phosphor screen and to a CCD camera. The ions/photoelectrons created in the pump-probe experiments were extracted perpendicularly to the plane defined by the molecular and the laser beams and detected at the end of 40 cm TOF tube. By gating the voltage of the first MCP we could select the mass of the ionic fragments to be imaged onto the detector. In order to obtain the kinetic energy information, the raw images were Abel inverted and then calibrated to convert from pixel to energy scale. For the calibration, we have used photoelectron images obtained for the multiphoton ionization of Xe at 269 nm. For all the images, the polarizations of both pump and probe beams were set parallel to the detector plane. The resolution of the imaging data was limited by the spectral width of pump and probe pulses which were measured to have a FWHM of maximum 0.060 eV for 806 nm and about 0.030 eV for 400 nm and 269 nm.
Results and Discussions
Multiphoton absorption of pump and probe photons leads to both direct ionisation and dissociative ionisation of NO 2 molecules. For convenience, in Figure 1 we present a schematic diagram displaying the most important excitation pathways as well as the neutral and ionic electronic states of the parent and fragments likely to be involved in the dynamics. Henceforth, we use the following notation to denote a multiphoton pump-probe pathway: (a+b'), where a and b indicate the number of absorbed pump and probe photons, respectively, and the prime designates the probe.
The graphs from Figure 2 display the time dependence of NO + 2 and NO + transient signals measured using pump and probe wavelengths centred around 403.7 nm and 269.7 nm, respectively. The NO + 2 signal is mainly produced during the cross correlation time and on the negative side of the decay where the probe pulses are preceding the pump ones. In turn, significant quantities of NO + are produced on the positive side of the time dependence where the signal first decays over about 96 fs and then exhibits an intriguing oscillating behaviour over several ps. By fitting the oscillatory signal with a function allowing for oscillation damping, we have inferred an oscillation period of 512 fs and a damping time of 8.78 ps. The NO + and photoelectron images basically consist of a central spot, indicating that the transient responsible of the oscillations is produced with almost no kinetic energy. These oscillations are similar to those previously recorded in experiments for which the pump and probe pulse were 400 nm and 266 nm, respectively [26, 27] . In that case, oscillation periods of 600 fs and 830 fs and a much shorter damping time of about 3 ps were obtained from the time dependence of the zero kinetic energy photoelectrons and NO + transients. The difference between the oscillation periods may be due to the difference in the damping time and noise level. In the frequency domain, 512 fs corresponds to an quantum spacing of about 65 cm
and at the first sight, the wavepacket motion associated to these oscillations could not be associated to any known vibrational or rotational mode of the parent molecule being either too slow or too fast. Form et al. proposed a tentative interpretation of the oscillations in terms of coherent excitation by one 400 nm photon of a set of 'orbiting' states located near the threshold of the first dissociation limit (3.1 eV) [27] . These 'orbiting' states would describe a loosely bound NO 2 molecule, with O and NO rotating about each other, and which would be subsequently dissociatively ionised by two 269 nm probe photons to produce slow photoelectrons, NO
) and O( 3 P) fragments. Previously, such states were detected by optical double resonance spectroscopy only within a narrow region down to 60 cm −1 below the dissociation limit [30] . The wavefunctions describing these states with a very loose geometry should mostly sample the long-range part of the PES. Moreover, it is expected that such a floppy structure could only be reached by excitation of low rotational states of ground state NO 2 as for the high rotational states the centrifugal barrier would screen off the long-range part of the PES. Bearing this in mind we have undertaken a survey of the oscillation modifications when scanning the pump wavelength across the dissociation threshold, between 408 nm and 396 nm and when changing the rotational temperature of the parent. The result of our measurements is at variance with the proposed explanation as it appears that their presence, period, phase and relaxation are independent of the pump wavelength for the investigated interval as well as of the NO 2 rotational state. This behaviour is unexpected considering that some of the pump wavelengths are accessing PES regions outside the interval of 60 cm −1 below the dissociation limit where the 'orbiting' states are located. Besides, for wavelengths longer than 400.5 nm, the total excitation energy is not enough to reach the dissociative ionisation limit of 12.38 eV (value obtained using ref. 31 and 32 for the dissociation energy limit and ref. 33 for NO ionisation potential). That is the case for the experiment shown in Figure 2 , for which the (1+2') excitation scheme (labelled A in Fig. 1 ), suggested by Form at al. [27] , provides only 12.27 eV, thus about 0.1 eV less than required. The energy spread due to the pump and probe pulse bandwidths is not enough to compensate the difference. This issue together with additional sources for altering the total excitation energy and its distribution will be thoroughly discussed elsewhere [34] .
Based on these results we conclude that in order to explain the origin of the oscillations present in the time dependence of the slow ion and photoelectron signals, a different excitation scheme has to be envisaged. Two other options are then considered: the excitation by two 400 nm photons to a state located at 6.2 eV and the excitation by three 400 nm photons to a state located around 9.3 eV. Because of the high power densities associated with femtosecond pulses, it is extremely difficult to control the number of absorbed photons. Therefore, to separate the two photon excitation from that by three photons, we have used different wavelengths: 200 nm to obtain the equivalent energy of two 400 nm photons and 269 nm to access by two photons the region around 9.3 eV. No regular oscillations were observed on the NO + integrated signals recorded with either of the two excitation wavelengths. The results obtained when using 200 nm photons as pump will not be discussed further as they are not relevant for the purpose of the present paper. Instead, we will concentrate on the excitation scheme employing two photons of 269 nm which allows us to preclude the dynamics around the first dissociation limit as well as the excitation of the states accessible by two 400 nm photons. In this way, we could exclude the influence of the fast non-adiabatic couplings around 400 nm and investigate the dynamics of the highly excited states located around 9.3 eV.
The overall dynamics induced by 269 nm photons and probed by 806 nm photons is fast, taking place in less than 1 ps. The 2D plot from Figure 3 presents the NO + kinetic energy distribution as a function of the pump-probe delay using a time step of 45 fs. In this figure we also display two cuts parallel to the kinetic energy axis at given time delays: 135 fs and 1 ps (panel a and b) and two cuts parallel to the time axis presenting the time profiles for peaks 1 and 2, located at 0 eV and at 0.22 eV, respectively (panel c and d). Hereafter, only these two structures will be discussed in connection with the experiments performed using 400 nm and 266 nm photons in which they were also observed. A more detailed analysis of these peaks as well as of the remaining ones is presented elsewhere [35] . For a comprehensive discussion on the multichannel multiphoton dynamics initiated by 269 nm photons, the reader is referred to the same paper.
From Figure 3 one can remark that the NO + peak at 0 eV exhibits a complex behaviour with a first decay over 180 fs followed by a fast rise to a local maximum around 225 fs and another decay over 500-600 fs and then getting to a faux plateau, actually a very slow decay. The corresponding photoelectron peak bearing 0 eV of kinetic energy is also decreasing in time, but it is still the most intense feature at 5 ps as it can be seen in Figure  4 (peak a). This ion-photoelectron couple can be produced by two energetically equivalent excitation schemes: (1+5') and (2+2'), that provide a total energy of 12.29 eV which is enough to reach the dissociative ionisation threshold at 12.38 eV when accounting for the spectral width of both pump and probe photons of at least 0.1 eV. These excitation schemes employ different intermediate states, around 4.6 eV (one pump photon) and 9.2 eV (two pump photons). It is very likely that these stepping states have different lifetimes, thus leading to the complexity of the kinetic distribution time dependence. The persistence of the peaks at long delays should be due to a long lived Rydberg state accessed by two 269 nm photons or possibly some other excitation schemes may have to be considered. Long lived zero and almost zero kinetic energy photoelectrons were detected by Vredenborg et al. in coincidence with NO + and NO + 2 , respectively, in the experiment using 400 nm pump photons and 266 nm probe photons. They were assigned to the energetically equivalent pathway (1×400+2'×266) (labelled A in Fig. 1 ) in v=0, 1 and 2 after three 400 nm photons excitation [23] . It is noteworthy to mention that a similar timescale dissociation was measured for another NO 2 Rydberg state excited by three 375 nm photons [24] . Because the dissociation time was estimated at 600 fs, one would expect to see that the NO + signal is building up over this time scale. Instead, as evidenced in Figure 3 , the ion signal exhibits a complex temporal behaviour with a fast decay to a first plateau extending from 270 fs to about 400 fs after which a second plateau is quickly reached around 500-600 fs. Such a complex temporal dependence is indicative of competition between several excitation pathways involving intermediate states with different lifetimes.
Globally, as discussed above and more in detail in ref. 36 , it looks very likely that several pathways are participating at the generation of the long lived NO + transients labelled 1 and 2 and the corresponding photoelectrons. The knowledge of Franck-Condon transition probabilities from the ground state to the electronic states located at 4.6 eV and 9.2 eV and of their dynamics are required in order to disentangle the relative contributions of each channel. In the pump step, one 269 nm photon excites NO 2 molecules to a state situated at 4.6 eV, above the first dissociation limit. As calculated by Schinke et [22] . Only transitions to the first two are one photon dipole allowed from the ground electronic state. In principle, the lifetime of a wavepacket launched by the pump photon should be quite short as it arrives in a continuum. The evolution of this wavepacket will be probed by 806 nm photons. Three probe photons carry the same energy as one 269 nm photon and would further excite NO 2 in the same region as two pump photons, around [36] . On symmetry grounds, any of these 2 A 1 states can be accessed if one takes into account the laser bandwidths and the calculation accuracy. Depending on the Rydberg state lifetime, the absorption of three extra probe photons would either ionise the parent or the NO fragment.
At short delays after the pump excitation step, when the breaking N-O bond just starts to stretch out, the absorption of the probe photons will bring the molecule directly above the dissociative ionisation threshold, producing vibrational excited NO
. A similar situation should happen for (1+6') and (2+3') excitation schemes if the pump-probe delay is shorter than the intermediate states lifetime. Any of these two mechanisms will provide a total energy of about 13.82 eV which can be shared in the following manner after the dissociative ionisation: a 0 eV photoelectron (peak a in Figure 4 ) and a total energy of about 1.45 eV for the fragments, giving a maximum kinetic energy of 0.51 eV for NO + and possibly a broad distribution. The lifetime of these peaks is determined by the dissociation time of the intermediate states accessed by either one or two pump photons. A shoulder around 0.52 eV is present in the photoion kinetic energy distributions only on a timescale of less than 270 fs. In turn, the photoelectron peak at 0 eV is long lived due to contributions from other excitation pathways as shown above.
Conversely, at long delays after one pump photon absorption, the breaking bond becomes so stretched that three probe photons will promote the molecule into the long range region of some linear Rydberg state located around 9.2 eV which will dissociate during the probe pulse, producing NO(A 2 Σ + )+O( 3 P). Additional absorption of three probe photons will ionise the NO fragments, producing ions and photoelectrons with kinetic energies identical to those obtained by the energetically equivalent (2+3') excitation scheme. Besides, one photon of 269 nm access the continua of two different states which may contribute on different timescales. Therefore, the birth and the lifetime of NO + and photoelectron peaks will be determined by the lifetime of these intermediate stepping states. The NO + vibrational distribution should depend on the bent or linear geometry of the intermediate level excited by one (4.6 eV) or two pump photons (9.2 eV). Indeed, this can be seen in the 2D plot from Figure 3 where three structures located at 0.22 eV (v=0) -peak 2, 0.11 eV (v=1) -peak I and 0.01 eV (v=2) -peak II become evident around 135 fs, but decrease over a time scale of about 400 fs, except the first one which stays on. The time profile of peak 1 at 0 eV exhibits a similar dynamics between 135 fs and 400 fs. Consequently, we can conclude that the lifetimes of the intermediate states excited by one pump photon are shorter than 400 fs. The peak 2 at 0.22 eV first decreases, but then reaches a plateau around 500-600 fs suggesting that the dissociation of the Rydberg state is basically complete. At 550 fs, the dependencies on the probe photon intensity of both 0.22 eV and 0 eV peaks correspond to the absorption of two photons indicating that the pathways requiring a high number of probe photons like (1+3'+3') and (1+6') became negligible. Consequently, at long delays, peak 2 will be produced only by the (2+3') pathway in which the ionisation step is saturated. On the other hand, the peak 1 at 0 eV should be the result of dissociative ionisation via a (2+2') pathway involving a long lived Rydberg state. The existence of such a long lived state is also supported by the existence at 5 ps delay of an extremely weak and broad photoelectron structure located around 2 eV (peak c in Figure 4) . Vredenborg et al. have also detected in coincidence with NO + 2 a long lived photoelectron peak bearing about 2 eV of kinetic energy [28] . This was assigned to the excitation by three photons of 400 nm of a long lived Rydberg state located at 9.3 eV and its subsequent ionisation with one photon of 266 nm. As a final comment, we should emphasis that the temporal behaviours of the peaks not discussed herein are also supporting the conclusions inferred about the lifetime of the states located at 4.6 eV (one 269 nm photon excitation) and of the Rydberg states located at 9.2 eV (two photon 269 nm excitation).
Conclusions and Perspectives
In this paper, we have addressed the issue of competitive dynamics induced by the multiphoton regime associated with high power densities femtosecond pulses. Elucidating the interplay of the different multiphotonic pathways for a molecule like NO 2 whose dynamics is complicated by numerous nonadiabatic interactions becomes a challenging task. Recent time resolved experiments initiated by 400 nm radiation revealed a multiphoton dynamics, including an intriguing oscillatory behaviour of the NO + and the photoelectron signals and fast and slow dynamics of some NO 2 Rydberg states. In order to unravel the nature of this complex dynamics, we have employed two different pump-probe schemes to discriminate between these competitive processes. By scanning the pump wavelength across the dissociation threshold, between 408 nm and 396 nm, we have shown that the period, phase and relaxation of the oscillations are independent of the pump wavelength in the investigated interval of about 700 cm . Such a result is unexpected and at variance with the proposed explanation based on the coherent excitation of orbiting states located in a narrow region (60 cm −1 ) below the first dissociation limit. No oscillations are present when drastically changing the pump wavelength to 269 nm. We believe that these oscillations cannot be produced by a (2+1') excitation scheme (labelled A in Fig. 1 ), but should arise from a (2+2') process and that they probably represent a quantum beat signature. This hypothesis will be discussed more in detail in a future paper [34] .
We have employed time-resolved ion and photoelectron imaging technique to extract energetic information characterising the photodissociation/photoionisation fragments initiated by 269 nm (pump) and 806 nm (probe) photons and to infer temporal information on their dynamics. Both the photoions and photoelectrons exhibit very rich kinetic energy distributions with a complex dynamics taking place within less than 600 fs after pump photon excitation. At short delays, most of the NO + peaks exhibit faux plateaux, that we have correlated to contributions of several multiphoton excitation schemes providing the same energy, but involving different intermediate stepping states. The most salient feature of the ion kinetic energy distributions corresponds to a sharp NO + peak at 0.22 eV correlating to a photoelecton of 0.96 eV. We have attributed the generation of this photoion-photoelectron couple to the excitation of NO 2 ground state molecules to a Rydberg state located around 9.2 eV which dissociates into NO(A 2 Σ + ) and O( 3 P) fragments. Around 500-600 fs these structures become stationary in agreement with the dissociation time of 600 fs measured by Lopez et al. for the dissociation of a Rydberg state excited by three photons of 400 nm, i.e. 9.29 eV. We have also evidenced the existence of a long lived Rydberg state which is responsible for the long lived zero kinetic energy NO + and photoelectron produced by a (2+2') pathway. On the other hand, the time dependencies of these 0 eV and 0.22 eV NO + peaks reveal the competition between two energetically equivalent pathways involving one or two 269 nm photons (labelled B and C in Fig. 1) . We have inferred a dissociation time of less than 400 fs for the electronic states accessed by the first pathway. A very interesting result of these experiments was the observation of the long range dynamics of the state accessed by one 269 nm photon. This was possible by mapping with three probe photons the long range part of this state onto the dissociation region of the Rydberg state. Another three probe photons enabled to detect this dynamics by ionisation of NO(A 2 Σ + ) fragment produced within the laser pulse. For complete disentanglement of these pathways and accurate measurement of the relaxation time, additional experiments are required using coincidence detection or alternatively, a change of the probe wavelength. 
